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Indian Standard
ELECTROTECHNICAL VOCABULARY
PART IV ELECTRON 2 X-Ray TUBES. Tubes Section

( First Revision)
0. FOREWORD
0.1 This Indian Standard ( Part IV/&c 2 ) ( First Revision ) was adopted by the Indian Standards Institution on 23 April 1973, after the draft finalized by the Electrotechnical Standards Sectional Committee in consultation with the Electron Tubes Sectional Committee had been approved by the Electrotechnical Division Council. 0.2 This standard ( Part IV/Set 2 ) was published in 1965 to cover the definitions of terms of diagnostic type of X-ray tubes. A few additional terms relating to therapeutic and industrial X-ray tubes have been included in this revision in addition to expanding and revising the present terms In preparing the definitions care has been taken to follow and definitions. IS : 2478-1963*, in case of common terms. 0.3 Assistance has been derived from the IEC documents issued by IEC/SC 62B X-ray Equipment Operating up to 400 kV and Accessories, while preparing this standard assistance has also been taken from BS 2579 : 1955 ` Glossary of terms used in radiology' issued by the British Standards Instrtution. 0.4 This standard is one of a series of Indian Standards on X-ray tubes. A list of standards so far prepared on electron tubes is given on page 14.

1. SCOPE 1.1 This standard (Part IV/Set 2) connection with X-ray tubes. 2. GENERAL TERMS in exposure rate of radiation caused by covers definitions of terms used in

2.1 Attenuation-Decrease passage through material.

*Glossary of terms relating to industrial radiology. 3
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2 ) - 1973 point, the ionization.

2.2 Exposure-of X and gamma radiation at a certain measure of the radiation based upon its ability to Droduce The unit of exposure is roentgen. 2.3 2.4 Exposure Rate-Exposure per unit time. image

Fluoroscopy

' screen by X-rays

-The production of a visual for diagnostic purposes.

on a fluorescent

2.5 Half Value Layer/Half Value Thickness-That thickness of any material which when introduced in the parts of the incident beam reduces the exposure rate to 50 percent of the initial value. NOTE- This is referred, usually, as the first half value layer ( or thickness ). The
additional thickness necessary to reduce the exposure rate of the beam from 50 percent to 25 percent of the initial value is referred as second half value layer ( or thickness).

2.6 Hardness Equivalent -The thickness of a layer of a reference material which if substituted in the `useful beam for the material under consideration, would result in the same radiation quality. 2.7 Homogeneity Coefficient-The ratio of the values of the first half value layer (or thickness) to the second half value layer (or thickness). NOTE-The homogeneity coefficient is nearly equal to unity for a nearly monoenergetic radiation and less than unity for a mixture of radiation energies.

2.8

rate

Monitoring-Periodic or continuous determination of the exposure in an area ( area monitoring), or.the exposure received by a person ( personnel monitoring ).

2.9 Radiation 2.9.1 Jonizin,? Radiation - Any radiation consisting of directly or indirectly ionizing particles or a mixture of both. NOTE-Conventionally, visible and ultra-violet lights are excluded. 2.9.2 Leakage Radiation-All radiation except the useful from the energized X-ray tube in protective tube housing. 2.9.3 Scattered Radiation material has been deviated been modified in energy. 2.9.4 emitted beam coming

The radiation which during passage through from its original direction and has possibly radiation other than the useful beam

Secondary Radiation-The by the irradiated matter.

2.9.5 Stray RadiationAll radiation except radiation in the direction of the useful beam, but including the leakage radiation and secondary radiation 2.10 Radiation ProtectionThe science and technology, to minimize genetic ) of ionizing radiation. application of means, in reference to the deleterious effects (somatic and

4

IS : 1885 (Part IV/See 2 ) - 1973 2.11 Radiation Quality -The given by its spectral distribution. In practical application significant terms, such as: characteristic of an ionizing radiation normally is expressed in

this characteristic

a) half value layer of a reference material; b) potential difference, waveform and filtration; c) effective wavelength; d) effective energy; and e) homogeneity coefficient. 2.12 RadiographA photographic image produced by a beam of penetrating ionizing radiation ( such as X-rays ) after passing through an object. 2.13 Radiography -The 2.14 Radiotherapy-The 2.15 Rectifkation 2.15.1 Full-Wave Rectification- Rectification which allows current to flow through the X-ray tube during each half cycle of an alternating supply. 2.15.2 Half-Wave Rectijcation -Rectification which allows current to flow through the X-ray tube only during alternate half cycles of an alternating supply. 2.16 Roentgen -Unit of exposure of X-and gamma radiation. One Roentgen is that quantity of X-or gamma radiation such that the associated corpuscular emission per 0.001293 gram of air, produces in air, ions carrying one electrostatic unit of quantity of electricity of either sign. One milliroentgen ( mR) is l/l 000th of 1 roentgen. 2.17 Useful Beam-That part of the radiation which passes through the window aperture of the X-ray tube assembly. 3. X-RAY TUBES tube with two or more electrodes
within a protective tube housing,

production of radiographs. use ofionizing radiation for medical treatment.

3.1 X-Ray TubeAn evacuated designed to produce X-rays.
NOTE -When

it is usually

known

the tube is intended as ` insert tube `.

to be placed

3.2 Diagnostic X-Ray Tube-An purposes.

A-ray tube designed for diagnostic

3.3 Double-Angle TubeAn X-ray tube having an anode provided with two targets having two different target angles. 5

IS : 1885 ( Part IV/&c 2 ) - 1973 3.4 Double Focus Tube-An X-ray tube having two filaments and giving two focal spots of different sizes; only one filament being used at a time. 3.5 Hot Cathode-Tube - An X-ray tube in which the cathode is elect& tally heated to emit electrons. 3.6 Oil-Cooled Tube -An X-ray tube in which the heat produced at the target is dissipated, directly or indirectly, by means of oil. 3.7 Oil Immersed TubeAn X-ray tube in which the heat produced is dissipated by immersion in oil. 3.8 Rotating Anode Tube -An X-ray tube in which the anode is made The axis of rotation of the anode and the axis of the electron to rotate. beam da not coincide so that the electronic focal spot lies on an annular ring on the rotating anode surface. 3.9 Self-Protected Tube-An X-ray tube, the construction of which includes protection against excessive emission of radiation outside the useful beam. This type of tube is sometimes called a ` Ray-proof Tube'. 3.10 Self-Rectifying Tube -A hot cathode X-ray tube where rectification is accomplished by the tube itself and in which the temperature of the anode is kept sufficiently low to inhibit thermal electron emission from the anode. 3.11 Therapy treatment. 4. X-RAY Tube -An X-ray tube designed for use in medical

TUBE PARTS positive electrode carrying the target in an X-ray tube. The negative electrode of an X-ray tube acting as a source by the

4.1 Anode-The 4.2 Cathodeof electrons.

4.3 Filament -An element of the cathode that is heated directly passage of current through it.

4.4 Filter - Material interposed in the path of radiation in order to reduce the spect;al distribution (hardening filter ) or the intensity distribution ( compensation filter ). 4.4.1 Added Filteruseful beam. Filter that can be inserted in or taken out of the

4.4.2 Total Filter-The

sum of the inherent fiiter and the added filter.

4.5 Target -The surface of the anode of an X-ray tube on which the electron stream impingesand from which the X-rays are emitted. 6

IS r 1885 ( Part IV/Set 2 ) - 1973 4.6 Protective X-ray tube is against electric than th@'usefIll Tube Housing/Tube Shield - + container in which an mounted for normal use and which provides protection shock and leakage X-radiation ( that is X-radiation other beam ).

4.7 Tube Head- A type of protective tube housing which, in addition to the X-ray tube, may contain high voltage and filament transformer. 4.8 Tube Stand- A support, protective tube housing5. TUBE CHARACTERISTICS 5.1 Anode Heat Storage Capacity-The maximum quantity of heat for the maximum temperature allowed by the manufacturer, which may be allowed to accumulate i'n the X-ray tube anode.
R'o~~-This

for holding

and

positioning

an X-ray

is usually expressed in terms of

` heat units ' ( HU).

5.2 Electronic Focal Spot -The incident area on the target bombarded by the electron beam and from which X-rays are emitted. 5.3 Exposure Time-The time during which the X-Tay tube is kept energized to produce X-radiations. 5.4 Heat Unit ( HU) - Unit the tube is usually expressed:
in

which the anode heat storage capacity of

HU=XxkV,xIxt
where constant depending on the waveform (X= 1 for single phase rectified operation or self-rectifying operation and K= 1'35 for 3 phase full-wave rectifying operation with ripple less than 10 percent and for dc operation); = rated peak voltage in the case of ac supply or actual dc kvp voltage in the case of dc supply, expressed in kilovolts; I= mean current expressed in milliampere; and t =: time in seconds. 5.5 Filtration-The modification of characteristics passing through material for example: of the useful beam on components of X=

a) the preferential absorption of the less penetrating heterogeneous X- or gamma radiation, and b) the modification of the distribution of the useful beam. 7

of the dose rate over the area
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Filtration -The filtration effected by the irremovable materials of an X-ray tube assembly through which the useful beam passes before emerging from the tube housing.
removable

NOTE 1-Filtration

without preventing

effected by removable added filters and any other part
operation of the tube assembly is excluded.

NOTE 2 -Inherent filtration is expressed in thickness of a reference material which at a specified potential difference and waveform provides the same radiation quality. 5.7 Inverse or rectifier

Voltage-The voltage which appears across an X-ray during the non-conducting half;cycle.
Focal Spot-The

tube

5.8 Optical
a plane

projection of the electronic focal spot on
current through

at right angles to the central ray.

5.9 Rated
that the can

Current at Rated Peak Voltage-The maximum be allowed to pass for a specified time, usually O'l' second, X-ray tube when rated peak voltage is applied to the tube.

5.10 Rated Peak Voltage (kF'p)-Permitted peak operating voltage indicated by the manufacturer for a specified operating condition and for a specified voltage waveform that can be applied to the X-ray tube during c.onduction period. For different operating conditions, for example, continuous operatron, NOTE 1intermittent operation and short-time operation ( radiography ), there can exist different maximum rated voltages. NOTE 2 -In case of a single-peak generator, the value of the on-load half cycle (which characterises the emitted radiation ) and the value of the ` off-load ' half cycle ( which determines the maximum voltage of the rube during operation ) can be different. 5.10.1 the rated conduction 5.11

Maximum Rated Peak Voltage (k VP,,,) - The maximum vaiut: of peak voltage that can be applied to the X-ray tube during
period.

Rated

Power -The
at

permissible

product ofthe rated peak voltage and the current this voltage for a specified period usually 0.1 second: Rated power P= VX Ixf

where p = power in wat.ts or kilowatts, V= rated peak voltage between anode and cathode of the tube in kilovolts, I= average current through the tube in milliampere or ampere, f = factor depending on the voltage current as given below: f= waveform and the average

1'00 for voltage with a percentage 8

ripple < 10 percent,

IS : 1885 ( Part IV/Set 2 ) - 1973 = 0'95 for voltage with a percentage including 25 percent, and ripple over 10 up to and < 60 percent

= 0.74 for tubes with a degree of saturation and a percentage ripple > 25 percent.

NOTE - For tubes with a degree of saturation less than 60 percent this factor shall be determined by taking into account the degree of saturation of the tube and the table of Nebotschew ( see Table 1 ). TABL4 1 FACTOR DEPENDING ON THE DEGREE OF SATURATION

DEQREE OP SATURATION IN PERCENTAQE -h--__----L__7 ----------100 90 80 70 60 One-peak generator Two-peak generator Six-peak generator 0.636 0.636 0.955 0.69 0.69 0.955 0.715 0'715 0'955 0.733 0.733 0.955 0.765 0.765 0.96

50 0.78 0.78 6.965

5.12 Maximum

Rated Power

5.12.1 Maximum rlpplied Power for Continuous Operation - Maximum applied power for a continuous operation under the operating conditions, specified by the manufacturer (cooling, cable capacity, etc). 5.12.2 Maximum Applied Power Under Short-Time Operation - Maximum applied power for a specified short-time operation. Unless otherwise specified, the operating conditions are time 0.1 second and f = 1. 5.13 Target' central ray.

Angle -The

angle of inclination

of the anode

target

to the

5.14 Tube Rating -The maximum electrical load that can applied to an X-ray tube under specified operating conditions. 5.15 Tube Rating rating as a function Characteristics-A of various parameters. set of curves giving

be safely the tube

5.16 Degree of Saturation of an X-Ray Tube-Relation in percentage between the lowest and the highest value of the current of an X-ray tube at two fixed potential differences Ur and Ua in the operational range of the current potential difference-curve I= f (U) at a constant filament current supplied by the manufacturer. 5.17 Asymmetric Potential Difference of an X-Ray Tube Assembly -The asymmetric potential diflerOperated on a Six-Peak-Generator ence of` an X-ray tube assembly operated on a six-peak generator is twice the peak potential difference of fhe anode or the cathode to earth reduced by the peak potential difference of the assembly expressed as a percentage of the potential difference of the assembly. 9

IS I 1885 ( Part W/See 2) - 1973 INDEX
NOTE - This index has been prepared numbers are clause numbers. A Added filter 4.4.1 ~-IEI: zt;`get 5.13 heat siorage capacity 5.1 tube, Rotating 3.8 Applied power fot5 lc;;tmuous operation, in accordance with IS : 1275-1958*. F Filament 4.3 Filter 4;4 Added 4.4.1 Total 4.4.2 Filtration 5.5 Inherent 5.6 Fluoroscopy 2.4 Focal spot Electronic 5.2 Optical 5.8 Focus tube, Double 3.4 Full-wave rectification 2.15.1 H Half value layer 2.5 thickness 2.5 Hardness equivalent 2.6 Half wave rectificaticn 2.15.2 Head, Tube 4.7 Heat storage capacity, Anode 5.1 Heat unit 5.4 Homogeneity coefficient 2.7 Hot cathode tube 3.5 `Housing, Protective tube 4.6 I Immersed tube, Oil 3.7 Inherent filtration 5.6 Inverse voltage 5.7 Ionizing radiation 2.9.1 L Layer, Half value 2.5 Leakage radiation 2.9.2 M Maximum applied power for continuous operation 5.12.1 under short-time operation 5.12.2 Maximum rated peak voltage 5.10.1 power 5.12 Monitoring 2.8 indexes. Index

Maximum

under short time operation, Maximum 5.122 Assembly operated on a six-peak-generator, Asymmetric potential difference of an X-ray tube 5.17 Asymmetric potential difference ofan X-ray tube assemblv operated on a six-peak generator 5.17 Attenuation 2.1

. .

B
Beam, Useful 2.17

c
Capacity, Anode heat storage 5.1 Cathode 4.2 tube, Hot 3.5 Characteristics, Tube rating 5.15 Coefficient, Homogeneity 2.7 Cooled tube, Oil 3.6 Continuous operation, Maximum applied power for 5.12.1 Current at rated peak voltage, Rated 5.9 D Degree of saturation of an X-ray tube 5.16 Diagnostic X-ray tube 3.2 Difference of an X-ray tube assembly operated on a six-peak generator, Asymmetric potential 5.17 Double angle tube 3.3 focus tube 3.4 E Electronic focal spot 5.2 Equivalent, Hardness 2.6 Exgt;;e32.2 time 5.3 *Rules for making alphabetical

10
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0 Oil cooled tube 3.6 immersed tube 3.7 Operated on a six-peak generator, Asymmetric potential difference of an X-f+y tube assembly 5.17 Operation Maximum applied power for continuous 5.12.1 under short time 5.12.2 Optical focal spot 5.8 P Peak voltage Rated 5.10 current.at rated 5.9 Maximum rated 5.10.1 Power Rated 5.11 Maximum rated 5.12 for continuous operation, Maximum applied 5.12.1 under short time operation, Maximum applied 5.12.2 `Potential difference of an X-ray tube assembly operated on a six-peak generator, Asymmetric 5.17 Protective tube housing 4.6 Protection, Radiation 2.10 Rating Tube 5.14 Characteristics. Tube 5.15 Rectification 2.15 Halfwave 2.15.2 Full wave 2.15.1 Roentgen 2.16 Rotating anode tube 3.8 S Saturation ofan X-ray tube,Degree of5.16 Scattered radiation 2.9.3 Secondary radiation 2.9.4 Self protected tube 3.9 Self rectifying tube 3.10 Shield, Tube 4.6 Short time operation, Maximum applied power 5.12.2 Six-peak generator, Asymmetric potential difference of an X-ray tube assembly operated on a 5.17 spot Electronic focal 5.2 Optical focal 5.8 Stand, Tube 4.8 Storage capacity, Anode heat 5.1 Stray radiation 2.9.5 T Target 4.5 angle 5.13 Thickness, Half value 2.5 Time Exposure 5.3 Operation, Maximum under short 5.12.2 Total filter 4.4.2 Tube ;ft;l;tic X-ray 3.2 angle 3.3 focus 3.4 Hot cathode 3.5 Oil cooled 3.6 immersed 3.7 Rotating anode 3.8 Self protected 3.9 Self rectifying 3.10 Th~~b~y33i t 1 X-ray 3.1

Q
Quality, Radiation 2.11 R Radiation Ionizing 2.9.i Leakage 2.9.e protection 2.10 Scattered 2.9.3 Secondary 2.9.4 Strav 2.9.5 $alIty 2.11 Radiograph 2.12 Radiography 2.13 Radiotherapy 2.14 E;;zhExposure 2.3 current at rated eak voltage 5.9 oeak voltaae 5.1 g `~ maxim& 5.10.1 power 5.11 Maximum 5.12

applied

power

11
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T"h",`,i$yd 1
shield 4.6 housing, Protective 4.6 stand 4.8 rating 5.14 characteristics 5.15 Assembly operated on a six-peak generator, Asymmetric potential difference of an X-ray 5.17

Value layer, Half 2.5 thickness, Half 2.5 Voltage Inverse 5.7 Rated current at rated peak 5.9 peak 5.10 Maximum rated peak 5.10.1 X

U Unit, Heat 5.4 Useful beam 2.17

X-ray tube 3.1 Degree of saturation of an 5.16 Diagnostic 3.2 assembly operated on a six-peak generator, Asymmetric potential difference of an 5.17

12
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INDIAN ON X-RAY

STANDARDS

TUBES

IS: 1885 (Part 3154-1965 4096-1967 6567-1972 7012-1973 IV/Set 2)-1965 Section 2 X-ray X-ray tubes, Electrotechnical tubes type of optical focal tube spot size of X-ray tube tubes housing, vocabulary: Part IV Electron tubes,

diagnostic

Method of measurement (first revision ) Radiation operating Specification

protection for an X-ray between 10 kV and 400 kV for X-ray tubes shield of Indian

in a protective

NOTE-For may be made

a complete list to IS1 Handbook.

Standards

on Electron

Tubes,

reference

